This study aimed to establish the effects of lactic fermentation on the levels of β-carotene in selected orange fleshed sweet potato (OFSP) varieties from Kenya. Furthermore,it sought to demonstrate fermentation as a potential process for making new products from sweet potato with enhanced nutraceutical attributes. The varieties (Zapallo, Nyathiodiewo and SPK004/06) were fermented with Lactobacillus plantarum MTCC 1407 at 25 ± 2ºC for 48 h and kept for 28 days to make lacto-pickles. During fermentation both analytical (pH, titratable acidity (TA), lactic acid (LA), starch, total sugar, reducing sugar (g/kg roots), texture (N/m 2 ), β-carotene (mg/kg roots)) and sensory (texture, taste, flavour and after taste) attributes of sweet potato lacto-juice were evaluated. Process conditions were optimized by varying brine levels, with fermentation time. A UV-visible spectrophotometer was used to identify and quantify β-carotene. Any significant variations (p < 0.05) in analytical attributes between the fermented and unfermented samples (pH, LA, TA and β-carotene concentration) of lacto-pickles, prepared from the potato roots, were assessed. The study reported a final composition of 156.49mg/kg, 0.53mg/kg, 0.3N/m 2 , 1.3g/kg, 5.86g/kg, 0.5g/kg and 5.86g/kg for β-carotene, Ascorbic acid, texture; Starch, total sugars, LA and TA respectively, and a pH of 3.27. The fermented products were subjected to flavour profiling by a panel. The product sensory scores were 1.5 to 2.5 on a 5 point hedonic scale, ranging from dislike slightly to like much. The products with brine levels at 4 and 6% were most preferred. The retention of β-carotene was 93.97%. This demonstrated lactic acid fermentation as a better method for processing OFSP as the main nutritional attributes are retained. The final product was resistant to spoilage microorganisms after 28 days of fermentation. Further preservation could be obtained by addition of sodium metabisulphite. In conclusion, Lactic acid fermentation using L. plantarum is a novel method of producing Lacto pickles from Zapallo OFSP, with 93.97% β-carotene retention and adequate shelf life.
Introduction
Sweet potato is an important staple food in tropical regions where it is grown up to an elevation of 2,000m above sea level (CIP, 2010) . It ranks seventh of the most important food crops in the world according to FAOSTAT (2005) and is often considered a small scale farmer's crop (FAO-STAT, 2011) . It is grown in abundance around major lakes in the East African Rift Valley of Uganda, Rwanda, Burundi, Tanzania and Kenya (Kapinga et al., 2005) . Sweet potato roots are rich in starch, sugar, vitamin C, β-carotene, iron and other minerals (Ray & Ward, 2006) . Their leaves are high in essential amino acids, lysine and tryptophan. These two amino acids are always limited in cereals thus, the sweet potato's leaves can easily complement cereal based diets in the region (Mwanri, Kogi-Makau, & Laswai, 2011) . Some varieties of sweet potatoes contain coloured pigments such as β-carotene, anthocyanin and phenolic compounds. These pigments form the basis for classifying the foods as nutraceuticals (Ray & Ward, 2006) . Nutritionally, sweet potatoes usually have higher protein content than other tubers such as cassava and yams. In Africa, sweet potatoes have been consumed without special processing for a long time. However, some communities in Busia, Kenya and Northern Uganda make flour from fermented sweet potato for ugali as a substitute during the dry season when they are faced with scarcity. Currently there is flour production in Kenya at Azurri Industries (Azuri Health Products, 2011) . The fresh tubers are either boiled, baked, roasted or fried. Sweet potato flour and starch may also be processed. With the introduction of microwaves, such a method of Orange Fleshed Sweet Potato (OFSP) preparation is on the rise. Sweet potato varieties with dark orange flesh are richer in β-carotene than light fleshed varieties. Their increased cultivation is being encouraged in Africa where Vitamin A deficiency is a serious public health problem (van Jaarsveld et al., 2005) . Utilizing new cultivars of OFSP that have nutritional benefits, and also contain pigments such as flavones, phenolic acids and anthocyanins, is one way to expand the market opportunities for the sweet potato industry (Suda, Oki, Masuda, Kobayashi, & Furuta, 2003) . Bengtsson, Narnutebi, Alminger, and Svanberga (2008) compared the retention of all trans-β-carotene for steaming, drying and deep frying processes but not for lactic acid fermentation. They reported process losses of up to 25% on β-carotene. In a different study, van Jaarsveld, Marais, Harmse, Nestel, and Rodriguez-Amaya (2006) reported losses of close to 20%. (Panda, Parmanick, & Ray, 2007) observed about 22.2% losses in a selected Indian OFSP after blanching for 15mins at 100ºC. However, they reported a less than significant change in β-carotene in the varieties processed by fermentation. With regards to Kenyan varieties, there were no reports on the retention of β-carotene from OFSP varieties processed by lactic acid fermentation. Lacto-products produced by lactic acid fermentation are known to have nutraceutical attributes. They offer range potential in the beverage sector because of their high nutritive value. They act as substitutes for lactose intolerant individuals. Due to minimal or no heat treatment, they are likely to retain most of the heat labile vitamins, including β-carotene. The aim of the present study was to evaluate the retention of β-carotene from Kenyan OFSP varieties. The OFSP were processed by Lactic acid fermentation using Lactobacilus plantarum MTCC1407 starter culture for 28 days. The consumer acceptability of the processed OFSP was also evaluated based on the sensory attributes of flavor, appearance and after taste.
Materials and Methods

Study site and Sampling procedure
The study was carried out at Egerton University and the Kenya Industrial Research Development Institute (KIRDI) (South B, Nairobi) laboratories. The Kenya Agricultural Research Institute (KARI), Njoro is situated along the Njoro -Mau Narok road in Nakuru County. The site is elevated at an altitude of 2185 m above sea level and it lies between 0º 20' South and 35º 56' East of Kenya. The area receives an average rainfall of 939 mm per annum, and has a mean temperature of 14.9º C (Jaetzold & Schmidt, 2007) . Sweet potatoes of the varieties: SPK/004/6, Zapallo and Nyawo (locally referred to as Nyathiodiewo) were collected from KARI, Njoro and used for the experiment. The OFSP samples were collected after 5-7 months' growth, during the peak harvesting season. The experiment was laid out in a Completely Randomized Block De-sign (RCBD). A ten day period was allowed to elapse before the second collection of replicate samples according to the procedure described by . Samples were packed in 10-kg color-coded mesh bags and transported to KARI laboratories. The sweet potatoes were then kept at ambient conditions in a lockable compartment for use within 24 hours.
General description of raw material samples used
The samples were prepared by washing and cleaning with a soft brush under running tap water. Weights, colour and size of the cleaned samples were observed and recorded for the sweet potatoes. A top loading balance was used for weights. Colour was determined by comparison against the sweet potato RHS colour chart prepared by CIP (Burgos et al., 2009 ).
Proximate analysis of fresh roots
Proximate analysis of OFSP roots was performed using standard methods as detailed in the following sections.
Moisture content determination
Moisture content was determined by heating the sweet potatoes to a constant weight at 105ºC for 3-6 hours and measuring the weight lost due to evaporation of water. The AOAC oven drying method 14.0004 was used (AOAC, 2000) . The dry matter was calculated as the difference of moisture content from 100.
Crude protein determination
The crude protein content was determined by the micro Kjeldhal method and 6.25 used as the conversion factor.
Total ash determination
Total Ash was determined by the muffle furnace method according to AOAC (2000).
Crude fat determination
The crude fat content was determined by Soxhlet extraction, using the standard method of the AOAC (2000).
Crude fiber/Dietary Fibre
The crude fibre of the fresh OFSP was determined according to the AOAC (1984) procedure 7.067, as modified by Gul and Safdar (2000) . % Crude fibre = (weight of sample after oven drying -weight of sample after ashing) / original weight.
Iron (Fe) and Zinc (Zn) Analysis
Iron and Zinc were determined by AtomicAbsorption Spectrophotometer (Model No. 3400, Perkin-Elmer, CA, USA) according to the procedure described in AOAC (2003).
2.10 Analysis of β-carotene content 0.2 grams OFSP for Zapallo to 6 gram for Nyathiodiewo was ground in a mortar and pestle, with some acid-washed sand, and then extracted completely with acetone. The different weights used was based on observed differences in the colour intensities between the two varieties. The volume of the combined extracts was raised to 50 ml by adding acetone, and then dewatered with Anhydrous Sodium Sulphate. Twenty-five milliliters of this extract was evaporated to near dryness in a rotary vacuum evaporator. The separation was carried out in a chromatographic column packed with silica gel. The evaporated sample was dissolved in 2mls of petroleum spirit (40º -60ºC), then quantitatively spotted into the column, and eluted with petroleum spirit. The first yellow eluate was collected in a 25ml flask and made to the mark with the petroleum spirit, according to a procedure by Muchoki, Imungi, and Lamuka (2007) . The optical densities of the β-carotene fraction was measured at 450nm using a CE 440 UV/Vis Double Beam Scanning Spectrophotometer, that had been calibrated with standard solutions of pure β-carotene in petroleum spirit. The results were calculated as β-carotene equivalents (Imungi & Wabule, 1990) .
Analysis of Ascorbic acid
Ascorbic acid was determined by titration with 2, 6-Dichlorophenol-Indophenol dye (AOAC, 1984) . 2 grams of sample was macerated using a mortar and pestle with 25mls of 20% metaphosphoric acid and the volume made to 100 ml with distilled water. 10 ml of this matrix was pipetted into a flask, followed with addition of 2.5 ml of acetone, and titrated to a faint pink end point. Standard indophenol solution was prepared by dissolving 0.05g of 2, 6-dichlorophenolindophenol in distilled water, diluted to 100 ml and filtered. Ascorbic acid standard solution was prepared by dissolving 0.05g of pure ascorbic acid in a small volume of 5% Oxalic acid solution, and then diluted to 250 ml with the same oxalic acid solution. 10 ml of the ascorbic acid standard solution was titrated with the indophenol solution to a slight pink end point. The amount of ascorbic acid corresponding to 1 ml of indophenol solution was then calculated. The standard indophenol solution was used to titrate 10ml of the filtrate. The vitamin C content was calculated as mg/100g sample. The slight modifications to AOAC (1984) were according to Ranganna (2001) .
Starch determination
The % soluble carbohydrates were obtained by difference.
Texture Analysis
Texture was determined using a craft knife (P2 N) adapter attached to a TA.XT. 
The selection criterion
The three samples were analysed for β-carotene and flavour profiling, and the one with the most β-carotene was selected for further lactic acid fermentation. Specifically, the Zapallo variety which had the highest quantity of β-carotene was selected for this process. The β-carotene content of Zapallo was sufficient to enable its following in the food matrix.
Preparation of L. plantarum (MTCC 1407) Culture
The L. plantarum (MTCC 1407) culture was procured from the Institute of Microbial Technology, India. The bacterial cultures were of direct vat set type thus eliminating need for the use of Mann-Rogassa-Sharpe (MRS) Agar slants as would be necessary for lyophilized forms. The bacterial culture was grown on MRS Agar medium to test for potency and then counted to determine the viable cells. The culture was kept at 30ºC for 24hours and then extended to 36 hours. There was observed rapid growth on the MRS Agar plates. The cells were examined for staining, catalase and oxidase tests.
Preparation of Starter Culture
One hundred grams of good quality sweet grapes (from Yatta) were selected and washed under running tap water. The grapes were mashed in a Mixer-cum Grinder (TTK Prestige Ltd., Bangalore, India) and the juice extracted using a juice squeezer. The volume of juice, filtered through cotton cheesecloth, was measured and an equal volume of water added. The mixture was boiled for 12 min on a hot plate and then cooled to room temperature. After cooling, the grape juice was inoculated with the L. plantarum culture and incubated at 30ºC for 24 h to produce the active starter culture. A viability test was carried out by inoculating the culture onto a sterile De Man Rogosa Agar plate.
Pickling of Sweet Potato
The roots were prepared by hand washing, peeling and then cutting into small cubes (approximately 1x1cm). The cubes were blanched at 70ºC for 10 min. 140g of the blanched sweet potato cubes were dispensed into 500-ml plastic jars. A brine solution at five different concentrations (2, 4, 6, 8 and 10% w/w). 300 ml of the prepared brine solution was then added to each bottle. 7 ml of the starter culture (1 x10 7 cfu/ml) was inoculated into each bottle and then each bottle was capped tightly. One negative control sample, without salt and Lactobacillus plantarum, was maintained. The entries were randomized in three replications. The sweet potato brine solutions mixture was fermented on the laboratory bench at room temperature. The fermentation was allowed to continue for 28 days for the pickle to season before a preservative, potassium metabisulphite (100 mg/g) was added to prevent the growth of undesirable microorganisms such as the salt-tolerant fungi-Aspergillus species.The flow diagram for this process is shown in Figure 1 .
Treatment of the control
After preparation to the point of blanching, no salt or L. Plantarum was used on the negative control. The cut sample was dispensed into a 500ml jar and distilled water added. Analytical data for, pH, TA and β-carotene content was collected on day 2 and then at intervals of 7 days from day zero to end of the 28 th day of fermentation.
The biochemical analysis of the lacto pickles
Sweet potato cubes and brine (1:5 ratio) were homogenized in a Mixture-cum Grinder and the equilibrated mash used for biochemical analyses. Analytical data was collected for pH, starch, total sugar, β-carotene content, TA and LA.
The pH of fermented product
pH values were determined by a Milwaukee SM 101 pH meter ± 0.02 (smart pH meter), with a temperature compensation technique, using glass electrode. The pH meter was first calibrated with freshly prepared buffer solutions of 7.0 and 4.0 before use.
Titratable acidity
The percentage (%) titratable acidity was determined by titrimetry. 10 ml of sample was titrated against 0.1N Sodium hydroxide, with phenolphthalein indicator, to an endpoint according to AOAC (2005) . The % titratable acidity was determined using the following formula: %TA = Vol of NaOH x N of NaOH x 9 (1)
Lactic acid (LA)
LA content was determined using a conversion factor as reported by Pearson and the data expressed as equivalent of LA g/kg roots. It involved the multiplication of titratable acidity by the appropriate factor of 0.009008g C 3 H 6 O 3
Starch and total sugar
Starch and total sugar contents were estimated by the procedures reported by Mahadevan and (2007) Sridhar (1993), and the values expressed in g/kg roots. The diluted samples were mixed with 0.05ml of 80% phenol. 5ml of concentrated sulphuric acid was then added to the mixture which was vortexed and the absorbance read at 490nm.
Determination of β-Carotene in fermented sample
This was conducted according to the procedure described in 2.10.
Determination of Texture of fermented pickles
The same procedure as described in 2.13 was used.
Sensory Evaluation and flavour profiling
A semi-trained panel was involved in flavour profiling of the basic attributes of the product. The product was then subjected to affective sensory test according to the procedure below: Sensory attributes (taste, aroma, flavor, color/appearance and aftertaste) were evaluated using a 5-point hedonic scale (where 1 = dislike extremely and 5 = like extremely) by an 18 member panel (gender: 10 women, 8 men; age group: 20-40) selected from local people and staff from the Food Science and Nutrition departments atf Egerton University, Njoro. The samples were served in polypropylene transparent cups, which had been labeled with a 3-digit random number. Questionnaires and water to rinse the mouth between each tasting session were provided. Panelists were advised to have at least 15 seconds break before tasting the next sample. Prior to evaluation, a session was held to familiarize the panelists with the product. The panel was then asked to read through the questionnaires and to understand the meaning of each attribute (texture, taste, aroma, flavor, color/appearance and aftertaste) to avoid any misinterpretation (Kilcast & Subramaniam, 2000) . The tasters were not allowed to discuss their findings with one another during the evaluation session. Another set of lacto-pickles were evaluated, as a replication, the following day. Sensory evaluation data was presented as a mean score for the 18 panelists. A standard t-test was used to test the statistical significance (p< 0.05) of the differences observed between the scores of the two tests.
Statistical analysis
Statistical analysis was performed using the SAS-JMP Software version 9.0. One-way analysis of variance (ANOVA) and least significant difference was used for statistical comparison.
Experimental design
The experimental design was the completely randomized design (CRD) and mean comparison using the least significant difference procedure.
The measured value of a parameter was the mean plus the treatments of different brine concentrations and day of fermentation. Model: y i = µ + τ i + ε ij y i = individual observation of the i th treatment and the j th replication µ = is the overall mean τ i = the i th treatment effect ε ij = the random error component 3 Results and discussion
Results of the proximate analysis values of OFSP varieties
The proximate analysis values for Zapallo, Nyathiodiewo and SPK004/06 varieties are presented in Table 1 Nshimiyimana (2012) , he reported a value of 78.99% moisture content on the varieties he was working with. The difference in these values may be related to the differences in agro-ecological zones where the crops were grown (Vimala, Sreekanth, Binua, & Wolfgang, 2011) . Dry matter content of sweet potatoes has been shown to have a positive correlation with the consumer preference of the different sweet potato varieties. The dry matter values indicate that Nyathiodiewo had the highest amount of Dry matter at 29.53% followed by Zapallo, and SPK004/06 at 20.3% and 11.26% respectively ( Table 1 ). The result of the dry matter content for Zapallo 20.3% was similar to that reported by Tomlins, Owori, Bechoff, Menya, and Westby (2012) at between 22.28% and 36.5%. Even though the reported value of 20.3% was lower than the range obtained by Tomlins et al. (2012) , the values of dry matter content for Nyathiodiewo also agree with the findings of Rodriguez-Amaya, Kimura, Institute, and de Agricultura Tropical (2004) and Ndolo, Nungo, R.E., and Agili (2007) who reported dry matter ranges for different varieties between 21.4% and 38.7%, while Tewe (1994) reported DM values of between 17.8 and 38.2%. For SPK004/6, the reported value of 11.26% differed significantly from the values reported by Tewe (1994) and Rodriguez-Amaya et al. (2004) . This low Dry matter (DM) content may have been due to the prevailing rainy conditions during the time of harvesting or a combination of any of the factors. These factors could include: the selection of OFSP with higher dry matter content, environmental (weather, soil, farming practices), and maturity (Tomlins et al., 2012) . Dry matter is a key criterion in determining the nutritive value of a food product. In sweet potatoes, DM is positively correlated with the starch content. It also determines the amount of the other food elements, with the exception of water (Kaguongo, Ortmann, Wale, Darroch, & Low, 2012) . Consumers in Africa prefer high dry matter content sweet potato roots (Kapinga & Carey, 2003) . According to a study conducted in parts of Western Kenya, Kaguongo et al. (2012) established that the farmers were willing to adopt new cultivars of sweet potatoes provided they had high or sufficient quantities of starch (dry matter) and if they were equally low in fibre. Unfortunately, the OFSP varieties of high β-carotene content tend to have low dry matter content. Breeding efforts and programmes have focused on breaking this correlation between dry matter content and β-carotene content. Of the three varieties analysed, there were significant differences in the dry matter and moisture content. Many studies report varying results based on variety, geographical area where the crop is grown, and the agro ecological conditions of their growth (Hart & Scott, 1995; Xin et al., 2008) . Table 1 shows that the values of protein among all the different varieties ranged from 3.20% to 3.45%. Nyathiodiewo had the highest value at 3.45%, with Zapallo and SPK004/06 at 3.34% and 3.20% respectively. These values agree with values reported by Ukpabi, Ekeledo, and Ezigbo (2012) . Being a low supplier of protein in the diet, many studies have not exploited the values of protein in the sweet potatoes (Ndolo et al., 2007; Tomlins et al., 2012; Bengtsson et al., 2008) . The value of the fat content was reported at 2.1%, 3.21% and 3.16% for Zapallo, Nyathiodiewo, and SPK004/6 respectively ( . In addition, the presence of Ascorbic acid will increase the bioavailability of Iron in the diet of its consumers.
The variability in β-carotene content of the raw orange-fleshed sweet potato varieties
The values of β-carotene content of the sweet potato varieties are reported in Tomlins et al. (2012) . The value of β-carotene content was used as the selection criterion for the choice of Zapallo for tracing the effects of fermentation on the β-carotene of this variety. Due to the difficulty in totally extracting β-carotene from OFSP, and the serious changes in the level of β-carotene, following of the same over the given fermentation period required that the variety with the highest value was selected for the fermentation process. From 20 different varieties analyzed by Takahata, Noda, and Nagata (1993) , the β-carotene content was determined to vary from 11 to 266mg/kg fresh weight basis. These results are similar to the ones reported in this study. In another study conducted by K'osambo et al. (1998) the variation in β-carotene for the 17 varieties analysed was reported to range from <1 to 80mg/kg, values that are also similar to the determinations in the current study. According to Hart and Scott (1995) some of the factors suggested for the significant variations include variety, maturity, post-harvest storage conditions, seasons and the portion of the root selected for the study. Orange fleshed sweet potatoes are therefore very good sources of β-carotene, which is the best remedy for VAD.
The viability of the Lactobacillus platarum
To assess the viability of starter culture (Lactobacillus plantarum), the Microorganisms were cultivated in sterile MRS Agar, AR. (Himedia Laboratories Ltd. India) and incubated at 30-35ºC for 24 hours. The resulting growth of pure culture observed demonstrated the viability of the cells for use as starter culture. 
The results from fermented OFSP samples at the beginning and end of the fermentation process
The results indicate significant differences among all the parameters under study (Figure 2 ). The significant reduction among various analytical parameters over the period of fermentation is explained by the complexity of changes that occur in foods to bring about the desirable attributes in the final product. The pH ranged from 6.21 on the initial day to 3.27 by the final day, 28. The decrease in pH was attributable to the increasing acidity due to the action of the lactic acid fermenters. In the process, the L. plantarum breaks down sugars and produces organic acids which contribute to increased acidity. The Lactic acid rose significantly (P ≤ 0.05) from 0.03 g/kg to 0.53 g/kg. Total sugar on the other hand was significantly increased from 2.23 mg/kg to 5.86 mg/kg by end of fermentation period. This increase may be attributed to the breakdown of starch to simple sugars over the period of fermentation. Even though, Lactic acid is not the only acid produced, the results of Titratable acidity are expressed in terms of Lactic acid equivalent since this forms the predominant acid in fermented vegetables. The Titratable acidity rose from an initial level of 0.34to 5.86mg/kg over the fermentation period. Total starch, on the other hand, was significantly reduced from 7.10 mg/kg to 1.3 mg/kg by end of the fermentation period (Figure 2 ). The decrease in starch may be due to the action of amylolytic activity of L. plantarum (Giraud, Brauman, Keleke, Lelong, & Raimbault, 1991) . During fermentation, starch and other carbohydrates are converted to simple sugars and further to lactic acid, carbon dioxide, and other organic acids . The simple sugars are utilized by lactic acid fermenters during their metabolism and this may have reduced the texture of the OFSP.
Texture is a function of the interaction of the major macromolecules of carbohydrates, fat, protein and water within the food matrix (Kumar & Mishra, 2004) . There was a significant difference in texture as measured by the Texture analyser (Figure 2 ). The initial texture value was 0.5 N/m 2 and this was reduced significantly to 0.3 N/m 2 after the fermentation period. During processing, there was blanching for 10 minutes at 70ºC which may have resulted in breakdown of starch to amylose and amylopectin fractions. In addition, the fermentation process breaks down some of the starch to the above mentioned components, which are further acted upon by microorganisms to produce simple sugars , ). There was a significant reduction in the concentration of Ascorbic acid from 2 to 0.53mg/kg over the 28 days of the fermentation process ( Figure  2) . Most of this reduction may be due to the blanching of OFSP at 70ºC since ascorbic acid is highly heat labile. Sweet potato roots are considered not only a good source of Phenolic compounds but also possess high amounts of Ascorbic acid and sugars. Cooking has been known to cause loses in water soluble vitamins, particularly the heat labile, Ascorbic acid. However, as a preservation method, fermentation has the potential to retain this vitamin within the food matrix.
3.5 Effect of fermentation on various biochemicals over the fermentation period Figure 3 presents the trend of changes in Lactic acid, pH and Titratable acidity over the fermentation period. The final pH value of the fermented product was reported at 3.21 while the variation in pH due to brine concentration was reported to be between pH 4.82 to 4.71.
There was a sharp decline in pH from day 0 to day 7. On the other hand, the Lactic acid concentration increased steadily over the fermentation period. The Titratable acidity levels picked up after the second day of fermentation and continued to rise throughout the fermentation period. The amount of lactic acid increased from 0.0307mg/Kg to 0.529mg/kg over the fermentation period. Optimal pH for fermented vegetables has been reported between 3.8 and 4.5 (Adams & Nicolaides, 1997) . Decrease in pH during fermentation is usually due to accumulation of organic acids, especially lactic acid (Arvanitoyannis, 2006; Kim, Min, Lee, & Ji, 2000) . This is often accompanied by a decrease in starch and sugar as a result of their utility by Lactobacillus plantarum for growth and metabolism (Gardner, Savard, Obermeier, Caldwell, & Champagne, 2001) . The values of Titratable acidity increased from 0.34 mg/kg to 5.88 mg/kg over the period of fermentation. Titratable acidity (TA) is an important parameter in following the progress of a fermentation process. TA is either inherent or induced as a result of the converstion of sugars to lactic acid by the lactic acid cultures. Of the many titratable acidities, LA is the main organic acid produced by action of Lactobacilli (Gardner et al., 2001) . As a starter culture in the fermenation of OFSP, L.plantarum is responsible for developed acidity.
It is important to have a quick and steady rise in titratable acidity, particularly in the first week of a fermentation process. This induced acidity is responsible for inhibiting any spoilage microorganisms. The titratable acidity is often expresed as % Lactic (AOAC, 2005) . noted that fermented vegetables have probiotic characteristics. Consequently, they have enjoyed a renewed interest and increase in demand. Fermented foods are considered a unique alternative to people intolerant to lactose or who have allergies towards milk protein (Kaur & Kapoor, 2001) . Lactic acid starter culture provides consistency and reliability of performance in fermentation processes (Troung, McFeeters, & Lanier, 2004) . L.plantarum has been the dominant microorganism isolated from most fermented vegetables (Molin, 2008; Montet, Loiseau, & Zakhia-Rozis, 2006) . Application of fermentation to processing of OFSP is seen to provide several advantages. The orange and purple fleshed varieties are believed to possess pigments which have been considered as nutraceuticals (Kaur & Kapoor, 2001 ). For optimal results, juice extraction is critical in fermentation processes (Demir, Acar, Sarıoglu, & Mutlu, 2001) . Orange Fleshed sweet potato (OFSP) cell wall has cellulose, hemicellulose, and pectin which may obstruct juice extraction during the fermentation process. Hence pectinase enzyme has been used in some studies to improve juice extraction for better fermentation results .
3.6 Results of the variations in LA, TA, pH, Total sugar, Starch, Texture, Ascorbic acid and β-carotene at varying brine concentrations over the fermentation period Table 2 shows the variation in the analytical parameters at different brine concentrations and with days of fermentation. There was no significant difference found in β-carotene concentration amongst OFSP fermented samples at the However, products with 4, 6 and 10% levels of brine recorded the highest β-carotene concentration followed by the one with 8%. The control and 2% brine samples recorded the lowest values of β-carotene. This shows an interaction with day of fermentation rather than any direct effect of salt itself. However, these results also reveal a potential for process optimization using appropriate levels of salt. Notably, L. plantarum is a salt tolerant bacterial species and has been reported to tolerate salts of more than 4%. This makes it the most viable option in fermentation of pickled products where salt plays a selective and preservative role (Rajendran & Ohta, 1998) .
Effects of lactic acid fermentation on the β-carotene content of OFSP
There was a significant difference reported on the concentration of β-carotene between the first day and the second day of fermentation. The β-carotene value varied from 170.02mg/Kg to 156.49mg/Kg over the period of fermentation (Figure 4 ). The slight reduction may be an indication of β-carotene loss due to blanching at 70ºC for 10 minutes. β-carotene is not stable at temperatures between 65-70ºC according to Yamakawa and Yoshimoto (2001) . Blanching was however necessarry to kill any pathogenic microorganisms which would contaminate the stater culture. Inspite of the differences reported above, the resulting retention (93.97%) was still the lowest reported value achieved by any other processing technique. More on this aspect is discussed in detail within the section on the effects of LA fermentation on β-carotene. In Table 2 , the impact of the different brine concentrations on β-carotene values indicate no significant difference at P ≤ 0.05. White or yellow fleshed sweet potato have minimum β-carotene and to achieve the RDA of β-carotene would demand consumption of impractically large quantities of sweet potatoes. On the contrary, OFSP sweet potatoes have substantial amounts of β-carotene. This study also confirms that the amount of β-carotene in OFSP is significantly retained even after fermentation (93.74%). Even small quantities of OFSP (100g) may contain 300-3000 µg/100g β-carotene per fresh weight. This will easily satisfy the RDA while serving as a good source of other vitamins and nutrients as well (Carey et al., 2012) . Food processing, drying and storage have been previously reported to have a major effect on β-carotene retention because of the nature of unsaturated, unstable carotenoids that are easily degraded by light, oxygen, ultra-violet heat, and heating leading to significant losses (RodriguezAmaya et al., 2004) . It is therefore essential to optimise Orange Flesh Sweet potato (OFSP) processing conditions in order to achieve products with high nutritional quality (Jackobsen, 2011) . The reduction effect of boiling on β-carotene content of sweet potatoes was reported as early as 1980s (Haralampu & Karel, 1983) . In some pioneering studies regarding the effect of fermentation on β-carotene, reported that β-carotene remained more or less the same after fermentation, i.e. no significant difference was reported. Even though the current study recorded significant difference between initial values of β-carotene and the final, the process resulted in much higher retention than the other methods of preparing OFSP available.
The microbial acceptability of fermented OFSP
At the end of the fermentation process the OFSP samples were analysed for microbial contamination as the safety of food must be guaranteed at the time of consumption. The tests were carried out for coliform and other pathogenic bacteria. The results showed that there were no coliforms. Fermentation is a novel preservation process where the low pH and high acid content are credited with the microbial integrity of the fermented products .
3.9 The Effects of fermentation on the Sensory profile and consumer acceptability
The sensory evaluation results for the fermented samples are presented in Table 3 . For flavor, the 
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panellists' scores ranged from 2.3 to 1.5, on a hedonic scale of 0 to 5, indicating that they did not like the products. This may be because Kenyan Africans do not have a palate for pickles. In a study conducted by , panellist's responses with regard to flavor of lactopickles was reported as 3.2. This test score was, however, significantly different from lactopickles, with a10% added sugar concentration, which had a reported score of 4.5. This result suggests that the consumer response to the lactopickles under study may have been greatly enhanced by adding an acceptable amount of sugar. Evidently, most panellists in their comments reacted to the high level of salt, which may have been masked by the additional sugar. Furthermore, the additional sugar would provide more substrate for L.plantarum metabolism, leading to a product with more physiological and microbial integrity. In other studies, addition of sugar cane juice or sucrose had been reported to positively influence the response of consumers. This would be three pronged approach. First, it would provide more substrate for the action of Lactobacillus plantarum. Second, it would lead to a quicker rise in the LA content and finally, the sweetness would increase consumer acceptability. For increased acceptability, sugar cane at 10% can be added . Coupled with the ability of the fermentation process to retain significantly the amount of β-carotene in fermented samples, this would reduce VAD among its regular consumers. The panellists preferred both the taste and flavour of the products with 4 and 6% brine. Products with 8% and 10% brine were significantly disliked on both flavour and taste. It was evident that increasing the amount of salt beyond 6% was disagreeable to most panellists. The 8% and 10% fermented samples reported the lowest scores on flavor. This was, however, different from the results reported by , and in which their panellists preferred lacto-pickles with 8 and 10% brine or salt. Regarding taste, the most preferred was also the one with 6% salt followed by 4 and then 2%. However, the panellist's scores for all these products were not significantly different from the control. There was, however, no significant difference in the test scores on taste at p<0.05 level of significance. The panellist's scores also showed no significant difference in their preference for the appearance of the various sweet potato samples processed by lactic acid fermentation. The control received the highest score for appearance, followed by 2% and 10% brine processed lactopickles. This may be explained by the fact that these products experienced the lowest degradation or fermentation, as suggested by the low level of acidity and higher accompanying pH values. Many respondents commented on the relatively high salt content. The difference in acceptability recorded here and that reported by may be a clear pointer to the difference in the cultural regions and whether or not the consumers regularly eat foods with high levels of salt and a sour taste. The respondents used in this case had a lower appreciation of the product in this regard. This, however, provides an avenue for improving the product by adding sugar. This way, were able to demonstrate higher test scores on all the attributes (texture, taste, Aroma, Flavour, and after taste) under investigation. Sensory evaluation is a unique discipline that makes use of experimental design and statistical analysis concepts to human senses, with the aim of evaluating consumer products (Kuenzel, Zandstra, El Deredy, Blanchette, & Thomas, 2011) . The main tool for sensory analysis is often descriptive, based on a given scale (Allgeyer, Miller, & Lee, 2010) . Either the panellists are trained on the experiences of a particular attribute (Bayarri, Carbonell, Barrios, & Costell, 2011) or they may not be specifically trained. The latter is especially used where a manufacturer is only interested in whether or not their product is acceptable to their target consumer. These subjective attributes are therefore used to discriminate and distinguish products based on aroma, flavor, texture, after taste, and sound properties (Kuenzel et al., 2011) . Sensory evaluation may also perform other functions such as quality control, tracking of quality changes in a product on storage and investigation of general consumer perception of a product. The resulting data helps rate products based on the chosen attributes. Correlation analysis, as well as the Principal Component Analysis (PCA), have been used to measure linear variations between sample variables and reduce a large number of variables to two or three principal components respectively . Sensory analysis therefore showed the panellists' scores on the basis of their acceptability and preference for the selected attributes of after taste, appearance, and flavour.
Conclusions
To conclude, this paper demonstrated that OFSP varieties are very rich in many important nutrients including crude protein, crude fat, starch dietary fibre, Ash, mineral content (Zinc and Iron), ascorbic acid and β-carotene. This confirms previous studies that OFSPs are among the most nutritious food products. It also demonstrated that the Zapallo variety recorded the highest amount of β-carotene among the three OFSPs analysed. The resulting product of the fermentation of OFSP (Zapallo) using Lactobacillus plantarum had high β-carotene retention with the average reported at 93.94% after processing. The product had a final pH of 3.27 and remained free of spoilage organisms after the fermentation period of 28 days. The fermented products received a favourable panellist evaluation for flavour profiling scores. The product sensory scores were (1.5-2.7) on a 5 point hedonic scale ranging from dislike slightly to like much. The product with brine levels at 4 and 6% were most preferred. These products received favourable scores both for taste and flavour and had higher levels of β-carotene. They also had the highest amount of Ascorbic acid. The resulting product was moderately liked by panellists and, since it has a high level of β-carotene, has a potential for reducing VAD on its regular consumption, especially among pregnant women and children. Of interest for further study is to determine if addition of sugar and pectinase enzymes will improve the product and thus the consumer acceptability.
